The purpose of this study is to investigate the efficiency of two different banking systems operating in Egypt (Islamic versus conventional banks). A sample of 35 banks has been used to examine the technical efficiency before and after the financial crisis using data envelopment analysis model. Evaluating the technical efficiency of Egyptian banks will enable policymakers to support which banking system is more efficient to facilitate the financial inclusion and enhance the economic development.
INTRODUCTION
The financial crisis opened the door for raising many questions regarding the current global financial system led by conventional banks to adopt the concept of interest rate in all financial transactions. Also, if the business model of conventional banks has contributed as a major factor to the global financial crisis. Accordingly, many researchers begun to shed light on various aspects of Islamic finance as an alternative to traditional finance offered by conventional banks. Two important factors support the business model of the conventional banks: the use of interest rate as a market indicator, or in the form of return when investing funds. And all financial transactions of conventional banks contain a degree of risk and uncertainty. Interest rate can be viewed as a mechanism of pricing in which funds can be allocated. Conventional banks introduce several financial products to suit the finance requirements of individuals and businesses. Products offered by conventional banks include a degree of uncertainty, so an interest rate is calculated as the cost of borrowing or remuneration. The rise in interest rate is a compensation to the high degree of uncertainty and a low interest rate be a low risk or uncertainty. Islamic finance refers to those activities that comply with Islamic law (Shari'ah). Shari'ah prohibits usury or interest paid to all loans. Usury is prohibited and charging and receiving the interest rate on all financial transactions are not allowed. Trading in pork or pork products as well as intoxicants and game of chance is prohibited as well. Moreover, all lines of business relating to these prohibited activities are also prohibited. Therefore, conventional banks do not meet the principles of Islamic law and the interest rate is the main catalyst for them. The operating model in Islamic finance is based on the rates of return achieved by Shari'ah-compliant finance and investment activities, which are related to the profits generated by the activities of economic sectors associated with them and are not entirely dependent on interest rates. Terms and conditions contained in contracts related to those services and activities should not include any element of interest or uncertainty. The philosophy of the Islamic finance is stemmed on the principle of the risk sharing rather than risk transfer. Risk is the main driver of profits or losses, and since risk is shared then profits and losses should be shared too. Shared risk leads to shared economy and this definitely will be significant to the stability and welfare of the economy.
A SINGLE VERSUS DUAL SYSTEM
There are two types of financial systems for banks, namely single system and dual banking system. In a single system, all financial transactions must be Shari'ah compliant. However, the dual banking system allows for the existence of both the conventional and the Islamic banking, with laws and regulations governing their work simultaneously. Iran, Sudan and Pakistan were among the first countries to adopt a single banking system. This means they offer exclusively Shari'ah complaint financial products and services. This resulted in establishing a single Islamic financial institution.
On the other hand, other countries, including Bahrain, Malaysia, United Arab Emirates, Kuwait and Egypt, follow a dual banking system. In Egypt, windows or counters have been established as part of conventional banks to offer financial products and services according to Shari'ah compliant. Figure 1 illustrates in greater detail the evolution of deposits, loans and assets values to Islamic banks during the study period.
LITERATURE REVIEW
According to Berger and Humphrey (1997) , there are 130 studies on efficiency measures for banks. These studies have been applied to American banks and a number of other developed countries. Yet, there are still very few studies to meas- 
METHODOLOGY

Sample and data
The study sample has been divided into three groups: Islamic, conventional, and conventional banks with Islamic windows. Bank scope data base and the website of each bank are used to obtain banks' balance sheets and income statements.
Model specification to measure economic efficiency
There are two main approaches that are mostly used to determine output and input variables. The production approach founded by Benston (1965) and the intermediation approach founded by Sealy and Lindley (1977). Sufian et al. (2013) stated that both approaches apply traditional microeconomics theory of banking, the linear programming method is used to construct a non-parametric piecewise surface (frontier) over the data to compute efficiencies relative to its surfaces. Over the last years, frontiers have been estimated using two common methods; econometric models and mathematical programming, namely DEA and Stochastic frontier. Farrell (1957) defined a simple measure of firm efficiency, which is based on multiple inputs. The economic efficiency of bank consists of two components: technical efficiency, which reflects the ability of a bank to maximal output from a given set of inputs, and allocative efficiency reflecting the ability of a bank to use an input in optimal proportions. Those two measures are combined together to provide a measure of total efficiency.
The technical efficiency (TE) of a bank can be expressed by the ratio
which is equal to 1-(QP/0P).
It will always take a value between one and zero. The allocative efficiency of a bank operating at p is defined as
In practice, the production function of the fully efficient bank is not known. Therefore, it should be estimated through a number of observations. The total economic efficiency (EE) is defined to be the ratio
The product of technical and allocative efficiency provides the overall economic efficiency of the banks as follows:
The CSR model is widely used based on input orientation concept to allow for comparing between small, medium and large banks. This is in line with the study community represented by banks operating in Egypt.
Assume there are data on K inputs and M outputs on each of N banks or DMU's as they are defined in the DEA literature. For the i-th DMU, these could be represented by the vectors x i and y i , respectively. The K x N input matrix, X, and the M x N output matrix, Y, represent the data of all N DMU's (Coelli, 1996) .
For each bank, one would like to obtain a measure of the ratio of all outputs over all inputs such as
where o is an M x 1 vector of outputs weights and n is a K x 1 vector of input weights. In order to select optimal weights, the mathematical programming problem is specified. The technical efficiency of a bank will be calculated by taking the highest value of the weighted outputs into the weighted inputs. In that way, multiple inputs and outputs of decision-making units are reduced to one input and output by optimal weighting.
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Subject to:
This involves finding values of o and n so that the efficiency measure of the i-th bank is maximized. This is subject to the constraints that all efficiency measures must be less or equal to one and therefore providing to an infinite number of solutions. To avoid this, one can impose a constant constraint, that is 1, i n x ′ = which provides the following formula:
Max y µ µ′ (6) Subject to:
where the notation changes from o, and n to μ and p reflect the transformation. This form is known as the multiplier form of the linear programming problem. An equivalent envelopment of the linear programming problem can be derived as follows:
where θ is a scalar and λ is an N x 1 vector of constant. This envelopment form involves fewer constraints than the multiplier (K + M < N + 1), and hence it is generally the preferred form to solve. The value of θ is the efficiency score for the i-th bank. It will satisfy θ ≤ 1, with a value of 1 indicating a point on the frontier and therefore a technically efficient bank (Farrell, 1957) . It must be solved N times according to the number of banks included in the model. Table 3 shows that the overall efficiency of all banks increased prior to the global financial crisis with an overall average of 0.909. Egyptian banks can reduce the volume of their inputs by 10.1% and achieve the same results if the best manage- ment practices are adopted in banks, which will necessarily vary from one bank to another. Scale efficiency outperformed pure technical efficiency except for year 2008. Results conclude that Egyptian banks were incompetent in using their input resources. 
EFFICIENCY MEASURES BEFORE THE FINANCIAL CRISIS
FINDINGS SUMMARY
The minimum requirement of 12 decision making units for DEA analysis has been met. Since Conventional banks and conventional banks with Islamic windows are inefficient in using their resources compared to Islamic banks. Conventional banks account for 71% of the study sample and have the largest market share in Egypt. The opening of Islamic windows to introduce financial products according to Shari'ah complaint has a negative impact on the efficiency of conventional banks with Islamic windows as a result of reconciliation between the conventional system and Islamic system.
In terms of Islamic banks, results revealed that pure technical efficiency outperformed scale efficiency meaning that Islamic banks are efficient in using their input resources. Both pure and scale technical efficiency improved gradually. The market share of Islamic banks is increasing by the time. Therefore, it is found that the efficiency of the Islamic banks' operation increased during the study period. This is because Islamic banks operating in Egypt are branches of some banks that operate in the Gulf region for a long time. Table 8 shows that as a result of the global financial crisis, the relative efficiency of most Egyptian banks has decreased due to the negative impact on the international financial portfolios of these banks with an overall efficiency of 0.730. Scale efficiency still outperformed pure technical efficiency but with a lower rate compared to the same results before the financial crisis. This means that Egyptian banks are still inefficient in using the input resources. Table 9 shows that efficiency of conventional banks has decreased since it represents almost 71% of the study sample due to the negative impact on the international financial portfolios of these banks due to the crisis with an overall efficiency of 0.771. Scale efficiency outperformed pure technical efficiency but at a lower rate compared to the period from 2003 to 2008 before the financial crisis. Table 10 indicates that results of the efficiency analysis of conventional banks with Islamic windows have a gradual decrease and then are relatively stable thereafter due to the international financial crisis with an average of 0.795. This can be attributed to the dual effect of the financial crisis and the presence of financial investment of these banks in the international financial markets, the integration of Islamic banking operations within the conventional banking operations and the negative impact of this integration on efficiency. Scale efficiency outperformed pure efficiency except for year 2011, the year of January revolution which had a negative impact on the operations of all Egyptian banks. Scale efficiency outperformed pure efficiency but at a lower rate compared to the same results before financial crisis. 
EFFICIENCY MEASURES AFTER THE FINANCIAL CRISIS
CONCLUSION
This is a novel research to examine the efficiency of banks operating in Egypt. Before the global financial crisis, the results confirmed the superiority of conventional banks compared to Islamic and conventional banks with Islamic windows. The superiority of conventional banks stems from the level of experi- ence for stuff and the increase in the market share. Scale efficiency outperformed pure efficiency. The efficiency of conventional banks has gradually decreased compared to conventional banks with Islamic windows to reach 0.775 and Islamic banks to reach 0.870. Low technical efficiency of conventional banks with Islamic windows is due to the adoption of the Islamic windows in several branches of these banks and the impact of technical issues on the efficiency of these banks.
Technical efficiency of Islamic banks has improved compared to conventional banks to reach 0.870. These results confirm that pure technical efficiency has exceeded the efficiency of scale, which means that Islamic banks are more efficient in management and in using their input resources. After the financial crisis, technical efficiency of all banks decreased to reach 0.730, it is 0.771 for conventional banks, 0.795 for conventional banks with Islamic windows and 0.886 for Islamic banks. This shows the improvement of efficiency of Islamic banks after the crisis due to the efficient management. Islamic banks can play important role in financial inclusion, boosting the economy and integrating the informal economy.
